Introduction
Community-acquired pneumonia (CAP) is one of the most common infectious diseases worldwide. Treatment for CAP remains largely empirical since identifying the infecting pathogens is difficult. Empirical antibiotic treatment has been shown to have comparable clinical efficacy to a pathogen-directed treatment approach in the management of patients hospitalized with CAP (1) .
Optimal empirical antibiotic therapy is still a debated issue. For patients hospitalized in the medical ward, most guidelines recommend the use of a combination of β-lactam with macrolide (BLM) or monotherapy with respiratory fluoroquinolone (FQ), but not β-lactam (BL) monotherapy (2) (3) (4) . On the other hand, a recent randomized controlled trial (5) and a previous systematic review (6) showed that BL alone may be as effective as respiratory fluoroquinolones or combination regimens in the management of CAP, at least in patients not admitted to the intensive care unit (ICU). Several studies have shown that, in severely ill CAP patients, adding a macrolide to the antibiotic regimen is associated with better clinical outcomes (7) (8) (9) (10) (11) , but there is less evidence on the optimal treatment of patients with CAP admitted to the ward.
A few trials have previously compared BL, BLM, and FQ regimens in patients with CAP (5, 12, 13) . In this study, we aimed to compare the effectiveness of these most frequently used antibiotic regimens in the realworld setting. Thus, we analyzed the data collected in the TURCAP (Turkish Community-Acquired Pneumonia Network) database, including all patients admitted to the hospital with CAP and treated with one of these three regimens. Briefly, in this multicenter study we evaluated the clinical cure rate, mortality, and length of hospital stay (LOS) among patients hospitalized in the ward with CAP and treated with BL, BLM, and respiratory FQ.
Materials and methods
This study was performed using the TURCAP database. Briefly, this is a web-based registry for communityacquired pneumonia in which data are prospectively recorded using standard case report forms. Between January 2009 and September 2013, all consecutive patients hospitalized in non-ICU wards for CAP in nine community and university hospitals in eight different cities in Turkey were included. All adult (age > 18 years) patients with symptoms and signs of lower respiratory tract infection with a new pulmonary infiltrate on the admission chest radiograph, and whose discharge diagnosis was CAP, were included. Patients previously diagnosed with an immunocompromising condition (HIV infection), or who were on an immunosuppressive treatment (chemotherapy, high dose of immunosuppressive agents such as prednisone) were excluded. All patients were assessed upon hospital admission, followed during their hospital stay until discharge, and all relevant data were recorded. These data included patient demographics, comorbid conditions, smoking and alcohol consumption, vaccination status, antibiotic use within the preceding 3 months, physical examination findings, laboratory data, radiographic findings, arterial blood gas analysis, LOS, and clinical outcome.
For comparison of pneumonia severity within groups, the Pneumonia Severity Index (PSI) and CURB-65 scores were calculated for each patient on admission (14, 15) . All the data needed to calculate the PSI score were available for 583 of the 621 patients who were included in this study. Arterial blood gas analysis was not available in the remaining 38 patients, in whom oxygen saturation data (using pulse oximetry) were available. All of these patients had saturation levels equal to or higher than 94% at room air and had normal renal function; thus, no points were given for the PaO 2 level (presumed to be higher than 60 mmHg) and the pH level (presumed to be higher than 7.35).
A follow-up visit was carried out 30 days after discharge to assess the clinical outcome of the patient, including allcause mortality at 30 days.
The choice of antibiotic treatment was left at the discretion of the attending physician. All treatment regimens were analyzed, and the patients were divided into three groups according to the most commonly used antibiotic regimen (group 1, BL; group 2, BLM; and group 3, FQ). Patients who did not receive any of these drug regimens were excluded from the study. Patients in the BL group mostly used ceftriaxone or a beta-lactam/ beta-lactamase inhibitor. Clarithromycin was the only macrolide used in the BLM group, as this was the only macrolide available in parenteral form. The majority of the patients in the FQ group received moxifloxacin, while the remaining patients received levofloxacin. The initial regimen was changed only if there was failure of improvement in the clinical signs and symptoms.
Clinical cure was defined as resolution (at day 30) of clinical signs and symptoms related to infection without any need for further antibiotic therapy. Treatment failure was defined as the absence of any improvement in the clinical status of the patient and the need to switch to another antibiotic regimen > 72 h after initial treatment.
This study was approved by the ethics committee of Akdeniz University. All participants gave informed consent for these data to be used in scientific studies. All authors complied with the principles set by the Declaration of Helsinki throughout the study.
Statistical analysis
Patient characteristics were summarized using median [interquartile range (IQR)], or number (%). The numerical data were first tested for normality and then analyzed using Student's t-test and one-way ANOVA for parametric data; the Mann-Whitney U-test and Kruskal-Wallis test were used for nonparametric data for group comparisons. Categorical data were analyzed using the chi-squared test or Fisher's exact test. To evaluate the risk factors for inhospital and 30-day mortality, multiple logistic regression analysis was performed. All analyses were done using SPSS for Windows version 18.0 (SPSS Inc., Chicago, IL, USA). A P-value of less than 0.05 was considered statistically significant.
Results
A total of 908 patients were hospitalized in non-ICU wards with a diagnosis of CAP during the study period; 230 of these patients were excluded because of misdiagnosis (n = 6) or missing data (n = 224). Patients for whom there was no clear record of clinical outcome, no data on 30-day mortality, or the PSI and/or CURB-65 scores could not be calculated were not included in the study. The only exception was the absence of arterial blood gas levels in a minority of patients. Arterial oxygen saturation data were available in these patients, as indicated in the Methods section. Fifty-seven of the remaining 678 patients had not received any of the three selected drug regimens, were treated with a large variety of different antibiotics, could not be classified into any distinct group, and were therefore excluded from the study. The remaining 621 patients composed the study cohort ( Figure) .
One hundred twenty-seven patients received BL, 300 received BL + M, and 194 patients received FQ. The three treatment groups were similar with regard to demographic characteristics, smoking and alcohol habits, antibiotic use within the preceding 3 months, radiographic findings, vaccination status, pneumonia severity indices, and arterial blood gas levels ( Table 1 ). The PSI scores were similar in the BL, BLM, and FQ groups (96.2 ± 31.2, 89.9 ± 34.7, and 92.4 ± 32.5, respectively; P = 0.198). The only parameters that were associated with the choice of antibiotics were altered mental state (associated with more frequent use of BL monotherapy) and the presence of parapneumonic effusion (associated with less frequent use of FQ).
Sputum culture was collected from 265 patients and blood culture was collected from 261 patients. A causative pathogen was identified in 78 (12.6%) patients. The most frequently isolated bacteria were S. pneumoniae (21.8%), P. aeruginosa (19.2%), H. influenzae (12.8%), E. coli (9.0%), and methicillin-susceptible S. aureus (6.4%). Microbiologic tests for viruses and atypical bacteria were not routinely performed. There was no significant difference between groups in the distribution of these bacteria.
All patients with P. aeruginosa infection had risk factors for drug resistance, namely severe COPD with frequent exacerbations (n = 9) and/or a history of antibiotic use within the preceding 3 months (n = 12).
Forty-seven patients (9.2%) died within the first 30 days. The clinical cure rate, in-hospital, and 30-day mortality rates were similar in the three treatment groups (Table 2) . In univariate analysis, higher PSI score, older age, presence of lung cancer, and chronic kidney disease were found to be associated with 30-day mortality (Table  3) . A PSI score higher than 90 was the only independent risk factor for mortality in multivariate analysis (odds ratio [OR], 3.30) ( Table 4 ).
Discussion
In this prospective, observational, multicenter study we showed that the clinical cure rate, mortality, and LOS were not different among patients who were hospitalized in the ward with CAP and initially treated with BL, BLM, or FQ.
Although a pathogen was identified in a minority of the patient population, P. aeruginosa was the second most frequently isolated bacteria and thus needs to be taken into account in the empiric treatment of pneumonia in Turkey.
For inpatients not requiring ICU admission, empiric treatment with a respiratory FQ or BLM combination is recommended. These regimens have been studied in several studies and are generally associated with a cure rate of 90% in mild-to-moderate CAP (10). In our study BL, BLM, and FQ regimens were associated with similar cure rates (91.3-93%).
Controversy still exists on the choice of antibiotic regimen for patients with moderate-to-severe CAP who are admitted to hospital. Several meta-analyses consisting mostly of observational studies revealed controversial results (6-9,16). These analyses had somewhat different aims, namely to determine the relevance of antibiotic coverage for atypical pathogens (which therefore compared the use of macrolides or fluoroquinolones versus beta-lactams); to investigate whether the use of macrolides is associated with improved outcomes due to their antiinflammatory, in addition to antibacterial effects (which compared the use of macrolides with nonmacrolide regimens); and finally to compare the effectiveness of monotherapy (mostly with beta-lactams) with combination treatments (mostly beta-lactam/ macrolide).
Eliakim-Raz et al. showed no benefit of survival or clinical efficacy of atypical coverage in hospitalized patients with CAP, except for patients with Legionella infection, but this conclusion was mostly related to the comparison of fluoroquinolone monotherapy to beta-lactams (6) . Similarly, Mills et al. showed no advantage of antibiotics active against atypical pathogens over BL antibiotics in nonsevere CAP, again with the exception of patients with Legionella pneumonia (16) .
Regarding studies investigating whether the antiinflammatory or immunomodulatory properties of macrolides are projected to clinical outcomes, a large meta-analysis showed that macrolide-based regimens were associated with a significant 22% reduction in mortality compared to nonmacrolide regimens (7). However, this benefit was not observed in patients who received guideline-concordant antibiotics (6) . In another meta-analysis that included studies in critically ill patients with CAP only, macrolide use was associated with a significant 18% relative reduction in mortality compared to nonmacrolide therapies (8) .
Several observational and two recent randomized controlled studies have compared the effectiveness of beta-lactam/macrolide dual therapy with beta-lactam monotherapy. The results of these studies have recently been analyzed in a systematic review (17) . Although six of the eight observational studies included in the review demonstrated that the combination therapy was associated with lower rates of mortality, the two randomized trials showed differing results. A multicenter Dutch study showed noninferiority of beta-lactam monotherapy with respect to 90-day mortality (5), but was criticized for several reasons (18) . First, CAP was not confirmed radiographically in 25% of the study population. Second, almost 40% of the patients in the BL group ultimately received antibiotics directed against atypical organisms during the trial. Third, adherence to BLM combination therapy regimen was lower than adherence to the monotherapy regimen. In another multicenter study from Switzerland, a significantly higher proportion of patients infected with atypical pathogens or with more severe pneumonia (PSI category IV or CURB-65 score of ≥ 2) treated with beta-lactam/macrolide combination reached clinical stability at day 7, compared to those treated with monotherapy (11) . However, mortality, admission to intensive care, LOS, and recurrence of pneumonia within 90 days were not different than in patients treated with beta-lactam monotherapy. Another recent meta-analysis also concluded that, compared with BL alone, BLM decreases all-cause mortality only for severe CAP (19) . Monotherapy with fluoroquinolones has been evaluated in randomized, controlled trials, but their superiority over BL monotherapy is lacking in hospitalized patients with CAP (7, 17) . A recent meta-analysis consisting of 16 RCTs showed that monotherapy with respiratory FQs is as safe and efficacious as BLM combination therapy (20) .
The current study aimed to contribute to the existing level of knowledge with prospectively collected real-life data from patients with CAP admitted to five tertiary care centers. Our findings thus suggest that coverage for atypical bacteria and combination treatment are not associated with better clinical outcomes in patients with CAP who are admitted to non-ICU wards.
One concern regarding the use of beta-lactam monotherapy could be the rate of penicillin resistance. This does not appear to be an important issue for respiratory infections in Turkey, as several studies have shown that, although the rate of penicillin nonsusceptibility is 25% and higher (21), high resistance is uncommon (22) . Thus, beta-lactam monotherapy is a viable treatment option for respiratory infections.
A decrease in macrolide susceptibility among pneumococci in Turkey has recently been reported (23) . The most recent observations show that the susceptibility rate is 61.9%, which is of major concern regarding the antibacterial effects of macrolides. The same study revealed that clarithromycin remains effective against H. influenzae. There is no report on the activity of macrolides against atypical bacteria.
More patients with altered mental state received betalactam monotherapy. One could argue that this may have been due to the limitation of care for patients with a low likelihood of recovery and may have thus altered the clinical outcomes. However, we do not think that limitation of care was an issue regarding the choice of antibiotics, as Turkish laws forbid withholding any treatment in patients at end of life. These patients mostly received beta-lactams with antianaerobic activity, as they were possibly considered to have developed aspiration pneumonia and thus did not need coverage for atypical bacteria.
The main strengths of this study are that it reflects real life from several referral centers in different regions of the country. The decisions for clinical and laboratory followup, the choice of antibiotic regimen, and the decisions for admission and discharge were all left at the discretion of the attending physicians. Moreover, all data were prospectively collected and registered into the database before this study was planned and performed. Even though there was no randomization, the three treatment groups were well matched with regards to age, PSI scores, individual comorbidities, clinical history, and vaccination status. Finally, pneumonia was radiographically confirmed in all cases.
This study also has several limitations. First, it was observational and therefore treatment assignments were not randomized. Second, microbiological data were relatively poor, in that a causative pathogen was identified in a small minority (12.6%) of patients, as observed in real life, and tests for atypical bacteria were not routinely done, limiting better interpretation of the findings. P. aeruginosa appeared as one of the most frequently identified bacteria. Although all patients infected with P. aeruginosa had risk factors for drug resistance, namely severe COPD with frequent exacerbations and/or recent use of antibiotics, a previous study from the same database (24) showed that neither the presence of comorbidities nor a history of hospitalization or antibiotic use within the preceding 3 months was associated with treatment failure. Third, although the database included the history of antibiotic use within the preceding 3 months, it did not specify which antibiotic was used. Thus, we were not able to examine whether this had any effect on the choice of antibiotic regimen. Finally, time to clinical stability was not regularly noted, preventing comparison with other studies.
The results of this multicenter study have thus shown that, for patients admitted to non-ICU wards with CAP, the clinical cure rate, mortality, and LOS are not affected by the choice of BL, BLM, or FQ antibiotic regimen. Awaiting further prospective, randomized trials with proper stratification of patients according to pneumonia severity and with stronger microbiologic data, reallife experience shows that beta-lactam monotherapy is effective in non-ICU CAP patients.
